Mice with cyclophosphamide-induced granulocytopenia were challenged with aerosolized Escherichia coli, their lungs were lavaged at 1 and 4 h, and total cell counts, differential counts, and levels of lactoferrin, transferrin, and albumin were measured in the lung lavage fluid. Lung lavage fluid from cyclophosphamidetreated mice had few neutrophils and no increase in lactoferrin levels, whereas control mice had significant increases in both. Transferrin levels did not change in either group. Neutrophils are the source of increased lactoferrin levels in lung lavage fluid after aerosol challenge.
Aerosol challenge of mice with Escherichia coli causes a marked increase in lactoferrin levels in lung lavage fluid at 4 and 24 h, whereas a similar challenge with Staphylococcus aureus does not increase lactoferrin levels (11) . The cellular response after E. coli challenge is predominantly a polymorphonuclear leukocyte (PMN) response, whereas monocytes predominate after a staphylococcal challenge (11) . PMNs are known to have high concentrations of lactoferrin and are capable of secreting lactoferrin at inflammatory sites (14, 17) . To establish whether the PMN was the predominant source of lactoferrin in lung lavage fluid, aerosol challenge experiments were repeated in mice made granulocytopenic with cyclophosphamide.
HAICR female mice (Harlan Sprague-Dawley, Indianapolis, Ind.) were given 2 mg of cyclophosphamide (Mead Johnson and Co., Evansville, Ind.) suspended in 0.15 M saline intraperitoneally on days 0 and 4 and were challenged with aerosolized E. coli 2 days after dose 2 was administered by using aerosol equipment and by techniques that have been previously described (12) . Control mice received saline injections.
Average peripheral leukocyte counts (± standard error of the mean) from 15 cyclophosphamide-treated mice before aerosol challenge were 63% lower (1,970 ± 208 cells per mm3) than mean peripheral leukocyte counts from the same number of control mice (5,890 ± 547 cells per mm3; P < 0.001).
Groups of five mice were killed 1 and 4 h after bacterial aerosol challenge, and their lungs were lavaged with three 0.15 M saline washes (1 ml each) by using techniques previously described (12) . Three experiments were performed, and final groupings for statistical comparison consisted of 15 mice. The mean, standard deviation, and standard error of the mean were calculated, and comparisons between groups were done with the Student t test by using a computer-based statistics package (Abstat; Anderson-Bell, Canon City, Colo.).
Total cell counts were done with a hemacytometer. Lavage fluid (1 ml) was centrifuged in a cytocentrifuge (Shandon Southern Products, Sewickley, Pa.); the cells were Giemsa stained, and differential counts of 100 cells were done. Cell * Corresponding author.
counts from lung lavage fluid after aerosol challenge with E. coli are summarized in Table 1 . At 1 h, total lavage fluid leukocyte counts fell for both cyclophosphamide-treated and control animals; at 4 h, lavage fluid leukocyte counts from control mice had increased 52%, compared with a 21% increase in leukocyte counts from cyclophosphamidetreated animals. Thus, the influx of PMNs which occurs 4 h after aerosol challenge with coliforms was not seen in fluid from cyclophosphamide-treated animals; there were about 6,000 neutrophils per ml in lung lavage fluid from cyclophosphamide-treated mice versus 80,000 neutrophils per ml in lavage fluid from control animals.
Total protein in the lavage fluid was measured by the biuret method of Mokrasch and McGilvery (15) . Levels of lactoferrin, transferrin, and albumin in lavage fluid from mouse lungs were measured by an enzyme-linked immunosorbent assay technique (4). Preparation and purification of rabbit anti-mouse transferrin and lactoferrin sera have been described previously (11) . Horseradish peroxidase-conjugated goat antibody to rabbit immunoglobulin G was purchased from Boehringer Mannheim Biochemicals, Indianapolis, Ind. To minimize variation, all tests were done as single runs.
Transferrin, lactoferrin, and albumin levels in lavage fluid are summarized in Table 2 . Transferrin levels in lavage fluid were about 9 jig/ml and remained unchanged during the course of the experiment for both saline-and cyclophosphamide-treated mice. Lactoferrin levels initially decreased about 40% at 1 h after aerosol challenge with E. coli in both groups of mice. At 4 h, lactoferrin levels in lung lavage fluid from control mice increased fourfold to over 9 Kg/ml but remained unchanged in lavage fluid from cyclophosphamidetreated animals. Expression of lactoferrin or transferrin data as percentages of albumin levels showed the same pattern.
The normal pulmonary cellular response after aerosol challenge with E. coli is a brisk influx of PMNs into lung tissue which is measured as a major increase in neutrophil counts in lung washings (11) . Not surprisingly, this response was not noted in mice rendered granulocytopenic with cyclophosphamide.
Lactoferrin is an important protein in PMNs, and human neutrophils contain about 3.4 ,ug of lactoferrin per 106 cells (7) . Membrane perturbation of PMNs during phagocytosis or migration through epithelial surfaces causes fusion of specific granules with the neutrophil outer membrane and extracellular release of lactoferrin (6, 10, 17) . Therefore, inflammatory foci with PMNs can be expected to have elevated lactoferrin levels (9). Our results are entirely consistent with these observations. An E. coli aerosol challenge was associated with a significant increase in PMN counts and lactoferrin levels. Transferrin levels did not change. The granulocytopenia of cyclophosphamide-treated mice resulted in few neutrophils recovered from lavage fluid and lactoferrin levels that did not increase.
Lactoferrin levels in lung lavage fluid harvested from unstimulated mice are low, i.e., about one-third the levels of transferrin. The source of the base-line lactoferrin levels in lung lavage fluid is not clear. PMNs are present in low numbers in unstimulated mice and are unlikely to account for the observed levels. Masson et al. have shown that lactoferrin is secreted by bronchial glandular acini, and this secretion could serve as a potential source of low lactoferrin levels in lung lavage fluid (13) .
There are several ways whereby the presence of increased lactoferrin concentrations might enhance local defense mechanisms. (i) Lactoferrin promotes the adherence of PMNs to endothelial surfaces and aggregates neutrophils (16) . Using a guinea pig cheek pouch preparation, Boxer and co-workers have shown that systemic infusion of lactoferrin facilitates the interaction between neutrophils and endothelial surfaces (5) . Elevated lactoferrin levels could amplify an inflammatory response and facilitate recruitment of neutrophils to an infectious focus. (ii) Because of its high association constant for iron, lactoferrin could sequester iron from bacteria, an important consideration since iron is essential for bacterial growth (7, 8) . Sequestration of iron by lactoferrin has also been suggested as an important protective factor limiting the toxic effects of iron-catalyzed hydroxyl radical formation (3) . (iii) Lactoferrin may, on its own, possess direct antimicrobial activity. Studies by Arnold and coworkers have shown that human apolactoferrin has direct antimicrobial activity against a variety of bacteria (1, 2) . This work was supported by a grant from the Veterans Administration Research Service.
